WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Intemationa] Patent QassiricatioD ^ 
a2NS/00 



Al 



(11) International Publication Number: 
(43)InteniationaI Publication Date: 



WO 90/03429 

5 April 1990 (05.04.90) 



(21) iDtemational Application Number: PCT/US89/03985 
^) InteraatiGsal Filing Date: 13 September 1989 (13.09.89) 



PO) Priority data: 
248,830 



23 September 1988 (23.09.88) US 



(71) AppUcant: CETUS CORPORATION [US/US]; 1400 

Fifty-Hiird Street, Emeryville, CA 94608 (US). 

(72) Iiivratois: INLOW, Duane ; 630 Mariposa Avenue, ,310, 

Oakland, CA 94610 (US). MAIORELLA, Brian ; 5661 
Broadway, Oakland. CA 94618 (US). 

(74) Agent: HALLUIN, Albert, P.; Cetus CorporaUon, 1400 
Fifty-Third Street, Emeryville, CA 94608 (US). 



(81) Designated States: AT (European patent), AU, BE (Euro- 
pean patent), CH (European patent), DE (European pa- 
tent), FR (European patentX GB (European patent), IT 
(European patent), JP, LU (European patent),. NL (Eu- 
ropean patent), SE (European patent). 



Published 

With international search report. 

Before the expiration of the time limit for' amending the 
daims and to be republished in the event of the receipt of 
amendments. 



(54) Title: LIPID MICROEMULSIONS FOR CULTURE MEDIA 



(57) Abstract 



ypid microemulsions which can be added to cell culture media to provide essential lipids m a bioavailable form and ^eir 
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5 LIPID MICaiOEMULSIONS FOR CULTURE MEDIA 

This invration is in the field of fennentation and cell culture. More 
particularly, the invention conccras cell culture media wherein lq)ids are suppUed in 
the fonn of micioemulsions and mediods to disperse lipids in cell culture media. 
Lqiids arc an qjpaimtly essential requirement for most animal cell culture. 

10 [See Yamane ct aL. Pmc. lapan Acad. 5ZB(10):385-389 at p. 388 (1981); and Iscove. 
"Cutanc of Lyn5»hocytes and Hemopoietic Cells in Serum-Free Medium," In Barnes 
et al. (eds.). Methods for Semm-Fpee O iltnre of Neuronal and Lymphoid CpU s. PP- 
169-185 (1984), where it is stated at page 170: "If the experience with lymphocytes 
and hemc^etic cells can be extrapolated, lipids may mm out to be a universal 

15 requirement for fieshly explanted cells."] The direct addition of Upids to media is 
not practical due to their low solubility. Ctonvendonally, in serum-containing media, 
lipids are provided to the medium in the serum wherein the lipids are carried as 
water soluble lipoproteins; whereas conventionally, in serum-free media, lipids are 
carried by albumin to which the lipid is coupled through a process employing a 

20 solvent, such as chloroform. [Goodwin et al., M Kurstak et al., (eds.), Tnvertebrate 
.«;vstems In Vitro , pp. 493-508 (1980); Iscove, idJ. 

Although conventional culmrc media have been generally prepared by adding 
scrum in large amounts (about 5 to 20%), the use of seram has a number of 
disadvantages including (1) expense, in that, more than half of the cost of the media 

25 is usually occupied by the costs of the sera; (2) time necessary to check quality of 
sera which may vary from lot to lot and can be contaminated with mycoplasma or 
virus; and (3) downstream purification problems, in that, sera can contain various 
unidentified proteins. Similar considerations pertain to the use of albumin, a major 
plasma protein in conventional scrum-firee media. [See Yamane et aL, Prpc- Japa" 

30 Asa^ 52E(10):385-389 (1981) wherein it is stated at page 388: "BSA is, needless 
to say. a serum protein which is often disoepant in its ceU growtii promoting action 
of each commercial preparation."] As it is difficult to purify albumin on a lai:ge 
scale, commercially available albumin preparations can contain other contamination 
proteins, and not even crystallized prq)arations exceed 98% purity. "In addition to 

35 contanoinating protons, albumin preparations can be presumed to contain otiier 
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hydrophobic substances including fatty acids and steroid honnones, and traces of salts 
and buffers used in the purification along widi their contaminating transition metal 
ions." Iscove, ijL at page 176, Therefore, it would be advantageous to eliminate 
£tom cdl culture media both seram and albumin, as well as other protdins as lipid 
5 caniers* This invention provides the option of rliminating such lipid carriers. 

Attempts have bxa described in &e literature to supply lipids as liposonaes to 
cells in culture (1,23). These twosomes are most Qfpically prepared by sonicating 
the lipid mix in the jiresence of a protdn (albmxun) and result in panicles of size 
typically 25 nm (4). 

10 Iscove, id. at page 179-181, provides an example of the prior art process used 

to supply lipids to serum-free culture. In such a process, lipids are mixed by being 
dissolved in chloroform; the chloroform is then evaporated and the lipids are "dried 
onto the bottom of the beaker." A suspending medium containing albumin is then 
added and the mixture is sonicated to disperse the lipids in the form of vesicles— 
15 liposomes small enough to pass through the pores of a steriliang filter (0.45 ^m). 
Iscove*s following descrq>tion of such a process points out some of the inherent 
problems of supplying lipids to culture medium in such a manner 

At the end of Ae sonication i>eriod, a few small aggregates of 
soybean lipid may have escaped dispersion. Tliese are ignored. The 

-20 suspension-is-passed-once-througha membrane-of-l^^^mx-pore-size... ^ 

after which it usually passes without difSculty through a sterilizing 
0.45-^m filter. If the filter blocks rapidly, it may be helpful to pass 
the suspension once more througih a l«2-pm membrane* The grey 
Tttsidue on the filter is particulate metal shredded from the sonicator 
25 probe . Filtration is easiest immediately after sonication and should not 

be delayed.... 

The resulting suspensions are stored at 4''C. They may become 
somewhat more opaque in the first day or two of storage. This diange 
probably reflects sooie coalescence of the liposomes to larger average 
30 wt but has no influence on Adr eSFectiveness in culture.... 

Because of quantitative variation in the completeness of dispersion 
and retention on &e sterilizing filters, each individual lipid preparation 
should be titrated in culture to d^ermine its optimal concentration.... 
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pjlfgr-steriKzarion of medium w hich has already been supplemented 
with Kpicj shnuld be avoided- si nce there is a risk of retaining an 
indeterminate^ amount of lipid on the filter. [Emphasis added,] 
The inmxlacdon of lipids to cell culture media according to this invention 
5 enhances die availability of lipids to the cells and avoids globular lipid aggregates 
that can be lost in filtration and thus become unavailable to the cells. This invention 
furtfier provides ihc option of not having to filter sterilize the lipid componcait and 
the rest of the media components separately. 

This invention concerns stable lipid microemulsions which can be added to 
10 cell culture media to provide essential lipids in a bioavailable form. The invention 
further concerns cell culture media in which lipids are supplied in the form of such 
lipid microemulsions. 

This invention fiarthcr provides for methods to disperse lipids in culture media 
by the use of one or more emulsifiers. The emulsifiers are preferably pho^holipids 
15 and/or non-toxic polymeric detergents, and still more preferably lecithin and/or 
Pluronic polyols and/or polysorbate OTmpounds. 

This invention further provides for a lipid solution component comprising 
lipids, an organic solvent and one or more emulsifiers, and an aqueous component 
comprising one or more emulsifiers and water. It is the addition with agitation as by 
20 vortexing of the aqueous component to the lipid solution con^Kjnent which results in 
the formation of a lipid microemulsion. 

Figure 1 shows the growth of Sf9 cells in the presence or absence of lipid 
supplement 

Figure 2 shows the particle size diameter profile of the lipid emulsion. 

25 The introduction of lipids in the fomi of microemulsion enhances the 

availability of the lipids in the media to the cells. A microemulsion is herein defined 
as a preparation wherein one liquid is distributed in small globules tfarou^out the 
body of a second liquid wherein said small globules are herein described as nucelles. 
The lipid microemulsions of this invoition are prepared by combining with agitation 

30 an aqueous conq)on»t and a Upid solution component, wherein the aqueous 

component is herein defined as comprising one or more emulsifiers in water, and the 
lipid solution conrponent is hcrrin defined as comprising one or more lipids and one 
or more emulsifio^ in an organic solvent 
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As indicated above, die lq>id microexnulsioxis of this invention provide a 
means of eliminating lipid carriers such as scrum, scrum albumin, or other proteins 
fiom culture media. Within the scope of this invention are also media which 
correspond to convrational culture media accept that the serum moiety is partially 
5 replaced with at least erne lipid nutrient in the form of a microemulsion of this 
invendcm. The refore , serum or other proteinaceous substances such as albumin of 
conventional media can be reduced or dispensed wiA according to this invendon. 
Use of tihe culture media of this invention makes it easier to isolate and purify the 
product accumula^ in the media. Mass production of culture media is also made 
10 easier, according to this invention. 

Another advantage of this invention is that preferred emidsifiers of this 
invention, Pluroruc polyols, are already used as physical protectants in mammalian 
cultures, and have been shown therein to be non-toxic to cells and non-inhibitoiy to 
cell growtii* Kilbum et aL, Biotech. & Bioengin. . YqLX:801-814 (1968); Mi2xahi, 
15 navftlop. Biol. Standard. 55:93-102 (1984); and Mizrahi, L Clin. MiprpbioL, 2(1):11- 
13 (July 1975). PCT US 89/01029, published Febraary 9. 1989 and PCX US 
89A)1028, published Fcbmary 9, 1989 provide examples of successful cultivation of 
insect cells in media containing Pluronic polyols and the cjqiression of recombinant 
proteins by such insect ceUs. PCT US 89A)1028, supra, describes the use of lipid 
20 microemulsions herein disclosed in serum-free, low protein or essentially no protein 
media for insect cell culture. PCT US 89/01029, silEia» discloses the successful 
cultuiing of insect cells in airlift fOTnentors. 

Thus, Pluronic polyols, preferred cmulsifiers of this invention, serve dual 
purpose in providing not only a physical protectant for agitated and/or sparged 
25 cultures but also in providing an emulsifying system for lipids to be supplied to the 
culture. Therefore, media of this invention provide an enhanced nutritional 
envirormnmt for the growtii of cells under any culture conditions but especially for 
cells growdi under agitated and/or sparged conditions, and, in general, for cultures 
that are well-aerated* As a consequence, the media thus provide an enhanced 
30 nutritional avironment for the production of recombinant, vital and/or natural 
products, wherein exanq>les of natural products are native proteins or monoclonal 
antibodies. 

The term "protein" is herein defined to exclude the term "peptones." The 
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media of this invention prefciably contain very low concentrations of protein, tliat is, 
preferably less than about 1000 nAnl. more preferably less than about 50 ^ig/nol. still 
mare preferably less than about 5 vJal. If certain cqitional con^nents are 
determined to be desirable as indicated below, for exsaaplQ, growth factors such as • 
5 insulin, transfenin or catalase, they are present preferably at low concentrations and 
do not fonction as Upid carriers. 

lipirtg an defined herein as any of a heterogeneous ffovp of fats and fatlike 
substances characterized by being water-insoluble and being extractable by nonpolor 
(or fiit) solvents such as alcohol eAer, chloroform or benzene, among others. Upids 

10 include unsamrated fetty acids, saturated acids, steroids, Upid soluble vitamins and 
phospholipids and their esters. Examples of unsaturated fatty acids include linoleic 
acid, linolenic acid, oleic add, arachidonic acid, and uric acid and their glycexides 
and esters. Picfened fatty acids also include fatty acid esters, preferably 
polyunsanirated fatty acid esters, and still more preferably, mixtures of 

15 polyunsaturated fatty acid methyl esters, as for example, those found in fish liver oil. 
preferably cod Hver oil. Examples of satorated fatty acids include palmitic acid and 
stearic acid and their glyceridcs. Examples of Upid soluble vitamins include vitamins 
A. D and E. Examples of steroids, that is lipids which contain a hydrogenated 
cyclopentophenanthrene-ring system, include progesterone, adrenocortical honnones, 

20 the gonadal hormones, cardiac aglycones, bile acids and sterols (such as cholesterol). 
Prefrarcd steroids are sterols, preferably cholesterol. 

The type of lq»ids to be supplied to cell culture media of this invention 
depend on the choice of cells to be culnired. Also, lipids are supplied in 
concentrations api»ppriate for the particular cell line being cultured, wh^in the 

25 concentration is not toxic to the cells and is non-inhibitoiy to cell growth. Fbr 
exainple. insect cdls i^pear to be able to tolerate a higher concencation of lipids 
than »»i«»«imaii«n cells. Exemplary Upid con^Kments for a mammaUan ceU cuhure are 
shown in Examples 1 and 2. below, whereas an cxemplaiy Upid conqwnent of 
Example 1 fbr fl»e ^"rnn^Mun cells is shown in Example 3. The Upid con^nent of 

30 Example 1 fi>r the mammaUan cells is the same as that forthe insect ceUs of 

Example 3 except in the respect that the concentrations of the lq>id and the emulsifier 
Tween 80 are ten times less far Ae mammaUan Upid component that fOT the insect 
Upid component Preferred ranges for Upids for insect ceUs are as foUows: 
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A nuxture of polyunsaturated £atty add methyl esters, such as, fish liver oil, 
preferably cod liver oil, is preferably present in the media at a concentration of firom 
about 1 mg/i to about SO mg/1, prrferably ftom about 5 mg/1 to about 15 mg/1, and 
most preferably about 10 mg/L Said concoitrations of cod Uver oil further contain 
5 die preferred concentrations of Ae li^id soluble vitamin A. The sterol, preferably 
cholesterol, is at a concentration from about 2 mg/1 to about 7 mgA, more preferably 
' fiom about 3 mg/l to about 5 mgA. and most preferably about 4^ mg/L The alpha- 
tocophetol of the Iqrid conq>onent is at a concentration of firom about 0.5 mg/1 to 
about 4 mg/l, more preferably about 2 mg/1. 

10 Preferred exanq>les of insect cell culture media containing the lipid 

microemulsions of diis invention are ibosc disclosed in claimed in U.S. Serial No. 
077,303. The compositions of dffee of such prefraned serum-ftee, low protein or 
essentially no protein media for insect cell culture used in the examples below are 
outlined in Table 1. The Pluoronic Polyol-Iipid Microemiilsions in Table 1 are 

15 prepared according to Example 3, infra . 
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S«iim-FTee In^^-t Media C ^ntainin f Lipid MicroeiTiWlsiQns 



10 



15 



DFM With No 
Bovine Serum 



IPL-041 B" *** Medium 
Ultrafiltercd PtePtones 

Tiyptose Phosphate Broth 2.6 g/1 

Bactocaatone (caseine digest) 1 g/1 
Pamnede (ox liver digest) . 1 g/l 

Yeastolate (yeast extxact) 1 gA 

Lactalbumin Hydrolyzate No 

Rirtra Water Soluble Ingredients 

a-Glycerol -phosphate 1 g/l 

Glycerol 2 g/l 

FbUc Atad 3-6 mg^ 

Inositol 10 mgA 

Catalase 3 nig/^ 

Pliironic Polvol-Lipid Microemulsion 

20 Pluionic Polyol F68 in Water (0.1%) 

Cod liver Oil 10 

Tween 80 25 mg/1 

Cholesterol 4.5 mg/1 

a-Tow^herol acetate 2 mg/1 

25 Ethanol 1 

An advantage of Upids being supplied in the form of a microemulsion, in 
addition to enhancing the availability of the Upids to the insect cells, is in providing 
the option of not having to filter sterilize the Kpid fraction and the rest of the media 
components s^arately. The Kpid microemulsions of this invention can be added to 

30 the media widiout being filter sterilized, and the entire media can then be filter 

sterilized without the concern of lipid loss during tiie filter sterilization process. For 
large scale production, such an advantage is significant However, it is of course 
posdUe to filter sterilize die lipid sohition component and aqueous component 
sepaiatdy and prepare tiie lipid microemulsion aseptically. 

35 The lipid solution component of tiie media of tiiis invention is prepared by 

comlnning the appropriate amount of a mixture of lipids, for example, a mixture of 
polyunsaturated fatty acids, alpha-tocopherol acetate and cholesterol, and the 
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emulsifierCs), in an ^^piopriatc amount of an organic solvent, preferably a Q-Q 
alcohol, more prcfmbly etfaanol, to fonn a solution. It is inqKHtant that the final 
concentration of the organic solvent is non-u>xic and noninMbitoiy to cell growth. 
For cat ample, a preferred concentration of ethanol as the organic solvent in preferred 
5 media of diis invution would be i^proximately 1 ml/1. The lipid solution 

ccnnpcment is then optionally filter sterilized. (The lipid solution component can be 
stored imder nitrogen in a tezxqperature range of from about -20°C to about -80^C) 

The aqueous cotx^>onent containing erne or moro emulsifies, preferably 
protective agent/cmulsifim, is similarly optionally filter sterilized. The aqueous 

10 component, which is preferably of greater volume than tiie lipid solution than the 
lipid component is slowly and, optionally aseptically, added to the lipid solution 
component with agitation as by vortexing. The lipid microemulsion is formed ux>on 
the addition with agitation of the aqueous component to the lipid solution component. 
Qn general, it is preferred to add the aqueous component to the lipid solution 

15 comi>onent rather tiian vice versa.) 

The optionally filter sterilized lipid microemulsion can then be added to the 
media. If the option of aseptically forming the lipid microemulsion from filter 
sterilized components is not taken, the option remains of filter sterilizing the entire 
medium after all additions are conq)leted. 

20 Emulsifiers preferred for preparing the lipid microemulsions of this invention 

are nbn-toxic polymeric detergents, bile salts, such as, deoxycholate, and/or 
phospholipids. Preferably, the emulsifiers are non-toxic polymeric detergents and/or 
phospholipids. It is further preferred tiiat the non-toxic polymeric detergents are non- 
ioiuc and that the phospholipid emulsifier is lecithin. It is fixrthe preferred that there 

25 be one or more emulsifiers present in botii the aqueous and lipid solution 
components. 

Editions of McCutcheon's Emulsifiers & Detergents (published by the 
McCutcheon Division of MC Publishing Co., 175 Rock Road, Glran Rock, NX, 
U,S.A.) are exan^les of a source of finding non-toxic, non-ionic polymeric detergent 
30 candidates for use as cmuldfiers of tins invention. lof^ a simple test is outiined for 
selecting a ppropr iate emulsifiers witiiin the scope of tins invention. 

The emulsifiers are present at final concentrations in the media which arc non- 
toxic to ccUs and noiunhibitory to cell growth, reproduction and e?q>ression of 
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products thereby. Tlie cmulsifiers are considerably more concentrated in the aqueous 
and lipid solution components than in the media in which they are diluted, preferably 
by a factor of 100 or 1000. respectively. For example. 10% Pluronic F68 in 10 ml 
of aqueous component and 25 mg of Tween 80 in 1 ml of Upid solution component 

5 once coinlrinBd widi agitation to fomi a lipid microemulsion wWch is then ad^^ 
one liter of media are respectively diluted to concentrations of 0.1% (100 fold 
dilution for Pluronic F68) and to 25 mgA (1000 fold dilution for Twccn 80). 

Very occasionany. the soluWlity limits of ti»e volumes of the aqueous or Upid 
solution components could be reached before ti»e maximum, non-toxic and beneficial 

10 concentration of a particular emulsifier has been reached for the medium as a whole. 
If such an event should occur, die emulsifier could be added directiy to the medium, 
that is. outside of the Bpid microemulsion. if it is determined tiiat such an addition 
would be beneficial to die cells, as. for example, by enhancing die protective and/or 
emulsifying effects of a protective agent/emulsifier. Therefore, a preferred 

15 concentration (weightArolume) range for Pluronic polyols in the media of tins 

invention would be ftom about 0.01% to about 1%; however, the solubility limit of 
Pluronic F68 is about 10% in water, and tiierefore. a 10 ml aqueous component 
would not be sufficient to accommodate the high end of die emulsifier concentration 
range in tiie final media. Additional Pluronic F68 could tiius be added directiy to die 

20 media if such additions would be considered necessary to optimize die 

protective/emulsifying effects of said protective agent/emulsifier. The concentration 
of Pluronic F68 in a 10 ml aqueous component would be preferably from about 1% 
to about 10%. more preferably ftom about 5% to about 10%, and still more 

peferably about 10%. 
25 It is preferred diat die cmulsifiers of die aqueous conqwnent be protective 

agents. Protective agents are herein defined as non-toxic, water soluble compounds 
that fimctionally act to protect ceUs fix)m damage and deadi in agitated and/or 
sparged cultures. 

A protective agent candidate can be selected by first confimaing diat it is non - 
30 roxicioAecellstobeculniiedbymediodsknowntodioseskiUedindieartofceU 

culmre. for example, by adding it to a suspension or monolayer of die ceUs of choice 
for cultivation and comparing die growdi of die culture to a control. Then, die non- 
toxic protective agent candidates can be tested for protective aWlity by adding die 
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candidate agent to an agitated and/or spaiged culture of the cells of choice at small 
scale and observing viability and growth rate after an a ppxDprl ate period and 
comparing the viability and growth rate of the cells of said culture to the viability 
and growtib rate of the cells in a control culture. A source of finding non-toxic, non- 
S ionic polyxneric detergent protective agent/emulsifier candidates for the media of this - 
inventicm can be found in Editions of McCutcheon's Emulsifiers & Detergents, supra . 

It is fordier preferred diat the emulsifia' or OBulsifim of the aqueous 
con^Kment block copolymers of propylene oxide and ethylene oxide 
(polyo^^propylene polyoxyethylene condensates). Preferably such protecdve 

10 agent/cmulsificrs are Pluronic polyol, such as, Pluoronic F68, F77, F88 and F108, 

preferably F68 and F88, more preferably F68. The Pluronic polyols are commercially 
available from BASF Wyandotte Corp. (101 Cherry Hill Road, P.O. Box 181, 
Parsippany, NJ 07054, U.SA.). 

The concentration of the protective agent/emulsifier(s) is preferably that which 

15 is most effective in protecting the cells from damage, but which concoitration is non- 
inhilritory to cell growth, reproduction and expression of products thereby. The 
Pluronic iK)lyol protective agent/emulsifiers are present in die media of this invention 
preferably at a concentration (weightA^olume) of from about .01% to about 1%, more 
preferably from about .05% to about 0.5%, and most preferably about 0.1%. 

20 However, it is not necessary for the emulsifier or emulsifiers of the aqueous 

component to be protective agents to practice this invention. Any non-toxic 
emulsifiers, that are non-inhibitory to cell growth, reproduction and expression of 
viral, recombinant or natural products, such as, antibodies or native proteins, can be 
used- Prrferably, however, if the emulsifiCT or emulsifiers of the aqueous conqwjnent 

25 are not protective agents, other protective agents would be included in the media if 
die culture is to be well-aerated. Such other protective agents would be preferably 
cell surface stabilizing agents and/or viscosifying agents and/or bubble surface tension 
reducing agents. Exanxples of prdcxied protective agents other than non-toxic 
polymeric detergents are hydroxyetiiyl starch, methyl cellulose, carboxymethyl 

30 cellulose (as, sodium carboxymetiiyl cellulose), dextran sulfate, polyvinylpyrrolidone, 
ficoll, alginic add and polypropyleneglycoL 

Preferred emulsifiers in die lipid solution component are phospholipids and 
non-toxic, non-ionic polymeric detergents. A preferred phospholipid emulsifier is 
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lecithin and prcftHied non-toxic, non-ionic polymeric detergent emulsifiers are 
polysortate compounds having die foraiula: 

O 

H,C CH-CHrCX)OR 

( 1 

5 H(CftO)pCX; yCHO(c,iuP 

^^CHO(CA),H 
wherein R is a saduated or unsaturated fatty acid having from 16 to 20 

carbons, inclusively; 

wherein t is an integer between 10 and 30, inclusively; and 
10 wherein u is an integer between 10 and 20. inclusively. 

Most preferably, such a polysorbate cmulsifier is polyoxyethylene (20) 

sorbitan monooleate. otherwise known as polysorbate 80. Such a non-toxic, non-xomc 

polymeric detergent is commen^ially available as Tween 80 ftom la Americas Inc. 

(New Murphy Road & Concord Pike, WUmington, DE 19897. USA). Another 
15 polysori^ate 80 is commercially available as Durfax 80 from Durkee Industrial Foods 

Group/SCM Corp. (900 Union Commerce Bldg., Oeveland. Ohio 44115, USA). 

Such a non-ionic. non-toxic, polymeric detergent/emulsifier. such as. polysorbate 80. 

is preferably present in the Upid solution components of this invenuon at a 

concentration from about 0.5 mg/ml to about 75 mg/ml, more preferably from about 
20 1 mg/ml to about 30 mg/ml, and more preferably from about 2.5 mg/ml to about 25 

Optional ingredients that can be added to the Upid solution component mclude 
redudng agcnt/anti-oxidants. such as. dithiothrdtoU ^-mercaptoethanol and 
monothiolglycerol wherein monothiolglyccrol is a preferred reducing agent/anti- 
25 oxidant Such ingredients are considered aim.hipathic if they are sohible in bo± the 
aqueous and the lq,id solution components, and are preferably added to the l^rid 
sohition coii5>onent in ;^priate conccinnmons for the chosen ceU line. 

Testing whether an cmulsifier. a protective agent/emulsifier. combmanon of 
emulsifiers. or a comlrination of a protective agent/emulsifier and an cmulsifier or 
30 emulsifiers is effective in emulsifying tire lipids to be suppUed to ti.e media of tins 
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invention can be simply i)eifQnned as follows. First, the candidate emulsifier or 
combination of emulsiiiers must be confimied as non-toxic to the cells of choice in a 
manner as described above for candidate protective agents. Secondly, the emulsifying 
ability of the ca n di d a t e emulsifier(s) is tested at the detcmuned non-toxic 
5 ccmcemrations. The appropriate lipids arc dissolved in an impropriate organic solvent, 
preferab:^ an alcohol (Q-Q), more preferably ethanoL Hie candidate emulsifier or 
each of tiie comlrination of emulsifim is tlien combined with the lipid soludon or in 
the separate aqueous solution, d^)mding upon in which solution, that is, the organic 
or aqueous, the candidate emulsifier is more readily combinable. Then the aqueous 

10 coniponent is added to the lipid solution ccnnponent and vigorously agitating as by 
vortexing. A clear to slightly translucent microemulsion should form if the lipids are 
successfully emulsified. 

For the candidate emulsifier selection test, at least one emulsifier should be 
present in the lipid solution conq>onent and one in the aqueous component If only 

15 one candidate emulsifier is being tested, it can be tested with a known emulsifier, 
such as, for example, if the candidate emulsifier is readily combinable in water, it 
could be tested in a candidate aqueous component with Twecn 80 as the emulsifier in 
the Kpid solution component; whereas, if the candidate emulsifier is readily 
combinable in a solution of appropriate lipids, it could be tested with Pluronic F68 in 

20 an aqueous conq)onenL Another option would be to test a sole candidate emulsifier 
in both the aqueous and lipid solution components, that is, wherein the same 
emulsifier would be present at appropriate concentrations in both a candidate aqueous 
cornponent and a candidate lipid solution component. 

One option for emulsifying lipids to be supplied to cell culture media 

25 according to this invention is a dual emulsifier system wherein, as noted above, the 
protective agent is an emulsifier as well as a protective agent and can act in 
conjunction ^tii an raiulsifier or combination of emulsifiers present in the lipid 
solution CQoxponCTt A prefened example of a dual mulsifier system of the media 
of this invration is the combinadon of a protective agent/emulsifier, preferably a 

30 Pluronic polyol, more preferably Pluoronic F68 or Pluronic F88, and still more 

preferably Pluroruc F68, and a non-toxic non-ionic polymeric detergent, preferably a 
polysorbate compound, and more preferably polysorbate 80. 

Another option for emulsifying lipids according to this invention is a system 
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wherein the protective agent is not significanfly emulsifying but wherein one or more 
additional cmulsifieis are present in the aqueous component which is added to the 
lipid solution component and act in conjunction with the emulsifiers present therein 

to fonn a microeinulsion. 
5 nie choice of media to which the l^id mioocmulsioiis of this invention are- 

added Abends on the particular cells Aat are being cultured. There are comm«cially 

available media for all cell types. 

For example, there arc a wide variety of commercially available media for 

insect ceD culture which include such commercial available basal medium as, for 

10 exan^le. TCIO without tryptose bioth [commercially available from Microbiological 
Associates; see Gardiner et aL. T Tnvm. Pathpl.. 25:363 (1975)], Grace's Antheraea 
medium [Vaughn et al.. ICAJ^limial. ad) (1976); Yunker et al.. Sssnee, 155:1565- 
1566 (1967)1. Medium M20 of Mark's [Vaughn et al.. TC-A Mfflwal , 2(1) (1976); 
Marks, M Kruse et al. (eds). Tl'i^llf Ollnire Mf thof j s f^nd AppliC^Wn^ . PP- 153-156 

15 (1973)]. Goodwin's IPL-52 Medium [Goodwin. UJli&Si, 11:369-378 (1975)]. 
Goodwin's IPL Medium [Goodwin et al.. In. Kurstak et al. (eds.). Tnvenebrate 
jgy^ ^mc Tn Vitro (1980)1. Goodwin's IPL-76 Peptone Medium [Goodwin et al.. isL; 
Goodwin et al.. iDJOfiS. 14:485-494 (1978)]. Hink's TMH FH Medium (Revised) 
[Hink. NaUHE (London). 226:466-467 (1970)]. Medium S-301 of Hansen [Hansen. In 

20 Maramorpsch (ed.). TTivmrbTT.tP Tis^nr QilniTr- Fe^^g^ch AppligPtiP"^ . PP- 75-99 

(1976)]; Vaughn et al. TCJ, Manual . 2(1) (1976)]. and IPL^l Medium [Weiss et al.. 
Tt, Vitro. 12(6):495-502 (1981)], wherein IPL^l is a preferred basal medium. 

IPL-41 basal medium is commercial available ftom a number of vendors and 
is described in Weiss et aL. Tn Vi tro. n(6):495-502 (June 1981) and in Weiss et al.. 

25 CSiLEESSS. JaffiS. pp. 70-72 (1986). Table 1 of Weiss et aL (feLYiES) at page 496, 
and Table 3 of Weiss et aL. JSOBsss. at pages 71-72 outline all the components of 
IPL-41 and provide thdr proportions in mgA; said tables are herein incorporated by 
reference. At page 497 of W«ss et aL. QsiJ£jas>, the pre?)aration of the complete 
medium lEL^l is described wherein tryptose phosphate brodi CIPB) and fetal bovine 
30 serum (FBS) are added- The IPI^l basal medium eii?>loyed in preparing the media 

of tins invention preferably does not contain tryptose phosphate broth (TPB) or fetal 
bovine serum (FBS). PCT US 89/01028. saipa. describes preferred replacements for 
serum and tryptose phosphate broth wherein lipid microemulsions of this invention 
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siqiply the hpid fraction in insect culture media. 

A "basal medium" is herein defined as a nutrient mixture of inoiganic salts, 
sugars, amino acids, optionally also containing vitamins, organic acids and/or buffers. 
Basal media together vnib si^jplements provide the nutrients necessary to suppon cell 
life, growth and rqiroduction. The choice of basal media used as the starting point 
far ptqMiing die media of this invention is not critical, but should be sppropiiate for 
die cen liiie selected and would most preferably contain litfle or not serum, serum 
aOmaan or other Iqiid carrios. The basal medium can also be conadered optional in 
Ae sense diat qjpropriate peptone and Hpid conqxments can be selected which 
provide sudi necessary nutrients as amino acids and vitamins required to support ccU 
life, growth, reproduction, and expression of recombinant or viral products and 
production of antibodies. 

Commercially available media for mammalian cells include Dulbecco's 
Modified Eagle Medium (DME; available from Irvine Scientific. Santa Ana. 
California USA); RPMI 1640 Medium (also available from Irvine Scientific); HL-1 
(Ventrex Labs, Portland, Maine USA); HB104 (Hana Biologicals, Bericeley, California 
USA); Eagle Minimum Essential Median^ and Ham F-12 Medium; RTTC 80-7 
nramane ct aL, E?cp. Cell. Rg.s.. 134:470 (1981)]; RTTC 56-1 [Yamane et al.. M 
Kohno ct al. (eds.), International Svmnosium on CHnical PntP n rials and Int^^^^ ^t, 
\^ Disease and Malig nant TamoTs . pp. 355-364. 



25 



30 



-Exa^les-of mediarfOTplant cell"culturc include those described in Murashige 
ct aL, Physiol. Plant, 15:473 (1962); Gamborg et al., Exp. Cell Res., 5Q:151 (1968); 
and Gamborg et aL. In Vitro. 12:473 (1976). 

Further otamples of culnire media for animal cells, algae, bactwia, fungi and 
protozoa can be found in Cote et aL (eds.). ATCC Media HanrihnnV first edition 
1984 (ATCC 1984). 

The media of diis invmtion can also include other prrferably water-soluble 
ingrediaits. for cxasnplc, insulin to enhance glucose uptake, transferrin for iron 
tranqxitt, tiace elements as selenium, catalase as a peroxidation protectant, 
ethanolamine as a lipid precursor, steroid hormones as testosterone, thyroid hoiinone 
as tTiiodotfayronine, nucleic acid precursOTs such as hypoxanthine. tiiymidine, 
deoj^radenosine, and deoxycytidine, as well as vitamins, minexals, amino adds and 
other nutrients such as L-glutamine, pyruvate, alpha-glycerol phosphate, glycaol. 
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folic acid, and inositol which are contained in conventional serum-supplemented or 
scrum free media for cell culture. Although some of such ingredients are proteins, 
they are not being suppBed for the pmpose of carrying Hpids and are preferably at 
low concentrations. 

5 The method of preparing a culture medium to which the Upid microemulsions 

of this invention arc added is not ciitical. The media may be prepared, for example, 
by dissolving all the ingredients and additives in water in their respective appropriate 
concentrations first and then filtering the solution on a membrane filter under 
pressure to get a sterilized ailture medium. 

10 The method of culturing cells with the media of this invention is also not 

critical. Cells are culnired in the media of this invention under approximately the 
same conditions as those for conventional culture media, except that whenever 
possible, ceUs should be growth under well-aerated conditions, that is. in agitated 
and/or sparged cultures. For optimal culture conditions for the growth of insect cells 

15 see per US 89/01029 and PCT US 89/01028. gypra, which are herein incorporated 
by reference. 

In general, insect ceUs grown in the media of this invention are cultured in a 
temperamre range and under conditions appropriate for the particular ceU line 
selected. For example. SEOdsZElsa fiEgSPSSia ceUs. preferably Sf9 cells, are cultured 

20 in a temperature range of from about 25°C to about 28«>C and wherein the pH of the 
culture medium is preferably maintained in a range from about 6 to about 7, more 
preferably about 6^ to about 6.4. 

The media of this invention are employable not only for die growth of ceUs, 
but also for the production of useful physiologically active substances such as 

25 interferons, lymphokines and antibodies. According to the examples of this invention, 
recombinant CSF-1 is produced by host insect cells cultured in media containing Upid 
microemulsions of Ms invention. "Colony stimulating factor (CSF-1)" refers to a 
protein which exhibits the spectrum of activity understood in die art for CSF-1, that 
is. when applied to the standard in vitro colony stimulating assay of Metcalf . LS^ 

30 Phvsiol.. 26:89 (1970), it results in the formation of primarily macrophage colonies. 
Native CSF-1 is a glycosylated dimer, dimerization may be necessary for activity. 
The term CSF-1 herein refers to both dimeric and monomeric forms. 

Other heterologous proteins that have been expressed in insect ceUs via a 
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baculovinis expression vector system (BEVS) are outlined in Stuxuners et al., 
Banbmv Report: Genetically Altered Vinises in the EnvirpnmenL 22:319-329 (1985). 
However, those skilled in &e art who have the benefit of this disclosure, will 
recognize that many otho* recombinant proteins can be produced by animal, plant 
5 and/or microbial cells according to diis invention. Exeniplary recombinant proteins 
include, widiout limitation colony stimulating fioctars [far example, long and short 
fann CSF-1 or M-CSF, G-CSF, GM-CSF and intedeukin-3 among otfaers]^ modified 
pro-urtddnase or mokinase, tissue plasminogen activator CTPA), TPA-urokinase 
hybrids, toxic proteins such as whole tidn toxin, licin A chain, products containing 

10 lidn A, as well as, interferons o,^ and y and hybrids thereof), interleukins, tumor 
necrosis factor, erythropoietin and other hematopoietic growth factors, human growth 
hormone, as well as porcine, bovine and other growth hormones, epidermal growth 
factor, insulin, hep^tis B vaccine, superoxide dismutase. Factor Vm, Factor VHI C, 
atrial natriuretic factor, feline leukemia virus vaccines, as. for example, gp70 

15 x>oIypeptides, lectins such as Ricin communis agglutinin (RCA), diphtheria toxin, 
gelonin, exotoxin from Pseudomonas aeruginosa , toxic proteins from PhytQlftgCft 
americana (PAPI, PAPII and PAP-s), insecticidal proteins from Bacillus thuringiensis, 
many enzymes as for example, CAT, as well as irmumerable other hybrid proteins. 
Further, as indicated above, a variety of monoclonal antibodies can be 

20 produced by hybridomas cultured in media of this invention and various viral 

— productscan-be-produced-from-insectcells-so-cultured: 

Primarily, the media of this invention would be used for suspension cultures 
including microcanier cultures. The lipid microemulsions of this invention can 
however be added to any media to which lipids are considered a beneficial addition. 

25 In general, if cells can be grown successfully in media wherein serum, albumin, other 
proteinaceous Upid carrier or otfa^ non-protein lipid carriers, such as a cyclodextrin 
or mixture of cyclodexttins (see Yamane et aL, ssssXSi U.S. Patent No. 4,533*637), are 
eniployed, then die cells can be grown in the media of this invention wherein the 
lipids are supplied as a lipid tmcnmnulsion. 

30 The reason lipids are supplied to die cells is not critical. They can be : 

supplied as a nucroemulsion according to tiiis invemicHi whether diey are considered 
as essential or growth promoting nutrients, phy^cal or chemical protectants or as 
having odier functions, as for »umq>le, as a solvolytic agent, as a membrane 
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modifying agent, as a surface tension icducing agent and/or as a cell surface 
stabiliong agent 

n,e cells can be of animal, miciobial or plant origin. If animal cells, they 
can be ftom vertebrates or invertebrates. Preferably, the cells are those which can 
5 produce lecomWiiant. viral and/or natural products. Exenq,toiy vertebrate cells are 
,„ammalian cells, for exan^le. lymphocytes, fibroblasts, epithelial ceUs. ovarian ceUs. 
and their transformed ceUs. various neoplastic cells, and hybridomas denved 
U^ereftom. More specifically, examples of mammalian cells include Chinese hainster 
ovarian cells. Epstein-Bair Vims (EBV)-transformed human lynq,hoblastoid cell tones 
such as UMCL and C51804. human Burldtt^s lyn5>homa-derived Namalwa cells, 
murine lymphoid ceU-derived myeloma SPI cells, human fibroblast cells such as HEL 
and IMR-90. human tumor-derived epitheUal cells such as HeLa-S,. Hep-2 and KB. 
human primary cultured cells, m Yoshida sarcoma ceUs. hamster fibroblast cells 
BHK.21, murine fibroblast cells 3T3, murine lymphoma cells YACl. human/mouse 
hybridomas such as stable ceU line D-234^27-8 which produces anti-LPS IgM 
(deposited at the American Type Culture Collection. Rockville. Maryland USA on 
August 10. 1984 under ATCC Accession No. HE 8598) and hybridomas which 
produce monoclonal antibodies to human fibroblast interferon. 

Exemplary invertebrate cells are insect cells, preferably cells which can 
20 produce viral or recombinant products upon infection, respectively, with eitiier wild- 
type vimses or recombinant baculovinises and which have been shown to grow, 
reproduce and express recombinant and/or viral products in a medium contaimng 
semm. albumin, anotiier protein and/or otiier lipid carriers. For example, insect cells 
that can be grown in IPI^l basal medium containing approximately 10% serum, can 
25 be growii in media wherein Upids are supplied as microemulsions accordmg to this 

invention. Such insect ccU lines include Esiffibys BSm. l^^B^^ 
Inctopbisia Di and SssOsms^ togipHda. [See generally. Granados et aL (eds.). 
Th-prrl^ r-"^^'''-"^"^^" (CRC Press 1986); Vaughn. Adv , M. CuU» 
Maramorosch (cd.). TryfT ^^'^^^ ^^^""''^ P' ^^^^^^^ ^ 

30 Vaughn, fa. Barigozzi (eds.) n nrrffli nn ^ Tntmfltl roHnq . Invm , Tissue Culture . 
(2nd, Ticmezzo. 1967). p. 119 (1968).] 

Further, insect cells that can be grown in the media of tins invention are 
preferably ftom any order of the Glass Insecta which can be hosts to a baculovirus 



15 
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^qiression vector system, or other wild-type viruses, but arc preferably from the 
Diptera or Lepidoptcra orders. About 300 insect species have been reported to have 
nuclear polyhidrosis virus (NPV) diseases, the majority (243) of which were isolated 
from Lepidoptera. [Weiss et aL, "Cdl Culture Methods for Large-Scale Propagation 
5 of Bacutoviruses." Jn Granados et aL (eds.), The Biology of Baculovimses rVnl- n 
practical Application for Insect Control, pp.63-87 at p. 64 (1986).] Insect cell lines 
derived from the following insects arc exetnplary: Carpocaps^ pomonella preferably 
ccU line CP-128); Trichoplusia ni (preferably cell line TN-368); Autographa 
califprniga; SpPdoptcra frugipcrda (preferably cell line Sf9); Lvmantria dispar . 
10 MamgStra brasacag; Afittes albopictus: £2lSyia pseudotsugata: Neodipnon sertifen 

Afid£S afigycti: Antheraw eucalypti; Qporimosghcma opercullela! Gallena mellon&lla : 
SpPdPpm Hnolaris; fiiaiella gcrmanjca; Drosophila melanogaster: Heliothis 2£a; 
Spodpptgra SSigm Ragtdptosia QIK Ek^dia interpunetella: Amsaeta moorei : A groris £r 
nigrum, AdOWpbygS S2Sna. Apiotis segetum, Bombyx mori. Hvponomeuta malinellus . 
15 Cpliftg CVffythcrog. AntiPargia geTrnmetalia. Apanteles melanoscelus. Arena p^' a, and 
Porthetria dispar , Prefraed insect cells are from Spodoptera fru giperda. and 
especially preferred is cell line Sf9. The Sf9 cell line used in the examples herein 
was obtained from Max D. Summers (Texas A & M University, College Station, TX 
77843 USA). Otiier fru giperda cell lines, such as IPL-Sf21AE m, are described in 

20 Vaughn et aL, IrLaaa, 11:213-217 (1977). 

The preferred insect cell lines cultured in the media of this invention are 
suitable for the reproduction of numerous insect*pathogcnic viruses such as 
parvoviruses, pox viruses, baculoviruses and rfaabdoviruses, of which 
nucleopolyhidrosis viruses (NPV) and granulosis vimses (GV) from the group of 
25 baculoviruses are prefecred. Further prefened are NPV viruses such as those fit>m 
Autt)grapha spp-t Spodoptera spp., Tzidipplusia spp., Rachiplusia spp., Galleria spp. 
and Lymantria spp. More preferred are baculoviruses strains Autographa calififyf p^i^^fl 
NPV (AcNPV). RachiplttSxa sm NPV. fiaUsia mellonella NPV and any plaque- 
purified strains of AcNPV, such as E2, R9» SI, M3, characterized and described by 
30 Smith ct aL, J. Virol.. 20:828-838 (1979); Smith et aL, J. Virol,. 32:311-319 (1980); 
and Smith ct aL. VmoL. 52:517-52? (1978). 

European Patent Application 127,839 (published December 12, 1984) to Smith 
et aL describes a method for producing a recombinant baculoviras expression vector, 

/ 
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capable of expressing a selected gene in a host insect cell. Said European appUcation 
is herein incorporated by reference. Hie recombinant baculovirus expression vector is 
cotransfccted with wild-type baculovirus DNA into a host insect ceU. wherein 
«x,mbinalion occurs. Recombinant baculoviruses are then detected and isolated 
5 according to metfiods described in EP 127.839 and Summers et al.. "A Manual and 
Mediods for Baculovirus Vectors and Insect CeU Culture Procedures." Texas 
Agricultural Experiment Bulletin No. 1555 CTexas A & M University; May 1987). 
•me resultant recombinant baculovirus is then used to infect cultured insect cells and 
&e pmtein product fiom the incorporated selected g«e is expressed by the insect 
10 ceUs and secreted into the medium. Exen^lified herein is Ae production of 

recombinant p-interferon. interlcukin-2. and chloramphenicol acetyltransferase (CAT) 
via the culturing of S. fillfiipSBia cells infected with a recombinant AcNPV 
expression vector iiito the genome of which the appropriate gene had been inserted. 
Further information concerning such a recombinant baculovirus expression system and 
15 its use in expression recombinant proteins can be found in Summers et al.. iiL. 

per appUcation. Nos. US 89/01038. US 88/05081 and US 89/01037 describe, 
respectively, the expression at high levels of biologically active recombinant colony 
stimulating factors, modified pro-urokinase. urokinase and novel hybrid protems 
tiiereof. and ricin toxin proteins, wherein an insect celVbaculovirus expression system 
20 is employed to produce such proteins. 

per US 89A)1038. silBEa. ^ifically describes the construction of baculovirus 
CSF-1 expression and transfer vectors, including pAcM4 and pAcM6. used to prepare 
the recombinant baculoviruses AcM4 and pAcM6 by cotransfecrion with baculovirus 
DNA in Sf9 cells. Said recornbinant baculovirus transfer vectors pAcM4 and pAcM6 
25 referred to in ihe exanqiles below has been deposited at the Amedcan Type Culmre 

Collection (ATCC) 112301 Paridawn Drive. Rockville. MD 20852 (USA))] on June 
12. 1987 in l^EQli/MM294 under the respective designations ATCC Nos. ^429 and 
CT438. Said vectors have also been dqwsited and are maintained in the Cems 
Master Culture Collection (CMCQ under the respective designations CMCC No. 
30 3002 and CMCC No. 2996. RecomWnant baculovirus AcM4 carries a nucleotide 
sequence which encodes for a 150 amino acid fomi of rCSF-1 whereas the 
„«,ml«nant baculovirus AcM6 carries a nucleotide sequence which encodes for a 
522 amino acid fonxi of rCSF-1. 
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The cfifect of tiiDin£ of the infection of the insea cells wifli a recombinant 
bacidoviras has been shown to be critical for enhanced specific productivity. The 
specific production of the recombinant protein was found to be constant during the 
expcmential phase of cell growtii under non-oxygen limited conditions. Late 
5 infiBcticm. under ncni-«cpc»aitial growdi coaditions, resulted in lower specific 

productiviQr and lower final titer. It is prefened that tiie exponential growth phase be 
extended to die highest possible ceU densities to achieve the highest total productivity 
erf die recombinant protdn producL Infection of die host insect cells under 
condidons diat limit growdi, for example, in die stationary phase of cell growth, 
10 results in a reduced specific productivity of die recombinant protein product 

Specific productivity (U or mg/beU) of the recombinant protein product is 
relative independent of cdl density at die time of infection as long as the culture is 
in exponential growdi. For example, when Spodoptera frugjperda cells are the host 
insea cells and when preferred media of this invention as described for insect ceUs in 
15 PCr US 89A)1028, sm&> are used, cell densities of from about 1.0 x 10* to about 
4,0 X 10* cells/^ are prrfeired for infection widi the recombinant baculovirus, more 
preferably from about 2.5 to about 3.5 x 10^ cells/mL 

When employing die baculovirus eiqiression vector system, the timing of the 
harvest of the recombinant protein product is critical to avoid contamination of die 
20 recombinant protein by viral and cell lysis proteins and to simplify diereby die 
downstream purificaHrarof "die recombinant protein. Widi considerations for die 
stability of die product, it would be preferred to harvest die recombinant product 
before significant cell lysis has occurred. 

Fmther, each recombinant, viral or native product expressed in die media of 
25 diis invention should be checked for stability and degradation over die course of die 
femientation run. Such considerations should cntCT into a deteimination of die 
optimal harvest time. 

The following exarrples further illustrate die aqueous and lipid solution 
conqxHients, die lipid microanulsions, media and mediods of diis invention. TTiese 
30 examples are not intended to limit die invention in any manuCT. 
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g-xample 1 

l , ,P ^ ^ ^ i ^miiision Pirnaration for MflTTT m aliap CgM? 
10 mg of cod Uver oil. 4.5 mg of cholesterol. 2.0 mg of alpha-tocopherol 
acetate and 25 mg of Tween 80 were added to 10 inl of eAanol. dissolved therein. 
5 and the solmion was filter sterilized. To piepaie a quantity of Hpid microeinulsion 
sufficient for i^ximately one Hter of mammalian culture medium. 10 ml of 10% 
Plmonic F68 in water was slowly and aseptically added witii agitation by vortexmg 
to 1 nil of the lipid solution component A microemulsion was thereby formed which 
can then be added to a culture medium that has already been filter sterilized. 

Bxaipplg 2 

I ^P^^ Ti ^f^mnUinn Prmaration fW yimm^n Cells 
10 mg of monothiolglycerol, 10 mg of linoleic acid. 10 mg of lecithin. 5 mg 
of cholesterol. 5 mg of alpha-tocopherol acetate, and 20 mg of Tween 80 were added 
to 10 ml of ethanol and dissolved therein. To pr^are a quantity of hpid 
15 microemulsion sufficient for approximately lUter of mammalian culture medium, 10 

ml of 10% Plutonic F68 m water was slowly added with agitation by vortexing to 1 
ml of the Upid solution con^nent. A Upid microemulsion was thereby formed 
v.hich can be then added to a culture medium which medium can then be filter 
sterilized without a concern of loss of Upids during the process. Hiis emulsion is 
20 referred to as the A7 emulsion. 

pxample 3 

} j p^H Micron TTnl'^"" Pren^rnTinn for Tpftect Ce^S 
100 mg of cod Uver ofl. 250 mg of Tween 80. 45 mg of cholesterol and 20 
mg of alpha-tocopherol acetate were added to 10 ml of ethanol and dissolved therein. 
25 The lipid solution component was then filter stcriHzed. 

To prepare a quantity of lipid microemulsion sufficient for about 1 Uter of 
insect culture medium. 10 ml of 10% Phiionic F68 was slowly and aseptically added 
with agitation by vortexing ID 1 nil of the Bpd solution component. A 
nucroemulsion was thereby fomied which can then be added to a insect cell culture 
30 medium that has already been filter steriUzed. 
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Examplg 4 

Insect Cell Growth in Senim-Free Merfia 
Containing Lipid Micioemnlsion 

50 ml cultures of Sf9 cells were grown in 250 ml shake flasks agitated at 

5 100-150 ipm (witin an oibital xadius of one-half inch) at 27'*C in both ISFM-3 and 

ISFM-4 media for a number of passages. Said media contain die lipid microemulsion 

described above in Example 3. InitiaUy. die ISFM-4 culture had a longer lag phase 

than die ISFM-3 culture, but by die third passage, both cultures grew equally well 

widi shoat lag phases. Both ISFM-3 and ISFM-4 cultures have longer lag phases 

10 dian convendonal serum containing insesct culture media. Hie average growth 

characteristics of cigjit passages in both media are shown in Table 2 below. Hiese 

media provide growth rates (Td=17-24 hours) maximum cell doisities of about 5 x 

10* cellsAnl and ceil viabilities (99-100%) which are con^jarable to those found in 

10% soum containing media under similar culture conditions. 

15 TABLE 2 

Lag Phase* Population Doubling Maximum Cell Densit 

frO^ffS) Time fhours't (K f cellsAnl^ 

ISFM-3 14 22 5.0 

ISFM:^ ^15 22 6A 

20 * Lag phase was calculated by extrapolating the ej^nential phase plot (semi-log) 
back to die initial ceU density (1 x 10* ceUs/ml. The x-intercept hours of culnire 
incubation) is equal to die lag phase. 

A second e^qieriment was conducted to show the effect of the liquid 

siq>plement on die growth of Sf9 cells in ISFM-4 serum £ree media. After two 

25 passages in scrum ftee media, die cells were seeded in serum ftce media widi or ' 

widiout die ]i{nd microeiiuilsion of Exarople 3, and cell growdi monittned. It is 

i^tparrat fiom figure 1 that die microemulsion is required for Sf9 cell growdu 
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F.xample 5 

p ^nrrinn of Rf y^m^'"«"t CSF-1 bv InSgCt 

f ^hr OTow T t ?n Senim-Firft Media Contaimng 

Sf9 cells grown for 25-30 passages a5-120 generations) according to the 
methods described, in Example 4. above, were tested for production of iCSF-1 via a 
baculoviniscaqnession vector system. A S£9 culture in IPL^l complete medimn 
with tryptosc phosphate broA (2.6 g/1) and 10% fetal bovine sermn was employed as 
acontroL An additional medium to those used in Example 4. that is. SFM2M 
without BSA as described in the DctaUed Description above was also used in tins 
example. 

Hie recombinant baculovirus AcM4 was used to infect exponentially growth 
cultures at a multiplicity of infection of 1. As shown in Table 3. below, tiie serum 
containing culture and the serum free cultures which contain lipid microemulsions of 
this invention produced similar levels of rCSF-1 (about l(f U/ml) as estimated by 



10 



15 



20 



RIA. 

TABLE 3 

jrSiV.-[ Piodlirrinn hv Sf9 f^H^ fimwinp in VarioUS Up^a. 
^ p^ Vf; After Inf rfT^f*" W^^^ AcM4 

Cell Density at rCSF-l Produced by 5 

Infection Days Postinfection 

U£t pell5/ml) F T A U/ml) 

10% Serum* 3.2 9.1 

SFM2M witiiout BSA 2-5 10.2 

3.1 10.1 
3.0 9.9 
* 10% serum is IEL-41 complete medium with TPB and FBS. 



25 ISFM-3 
ISFM-4 
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Example 6 

Insect CSells Adapt Readily From Scrom Containing Media 
to Serum Free Media Containinp Lipid Microemulsion 

S£9 cells maintained in 10% scrum containing medium, liiat is, IPL-41 

S cQo^lete mrdiimi, leadily adapted to SFM2M widiout BSA, ISFM-3 and ISFM-4 

upon die first and -second passages. Subsequent passages and infecdons widi the 

recombinant baculoviius AcM4 and a second recombinant baculovirus AcM6 have 

confirmed that such media containing lipid microemulsions are suitable media for the 

large-scale growdi of insect cells and for the production of recombinant protein 

10 products via a recombinant baculovims expression vector system. 

Example 7 

Growth of CHO Cells 
The lipid microemulsions can be foraiulated in a wide variety of media, and 
are not restricted to insect cell media nor to culture of insect cells. CHO cells 

15 transformed with the M-CSF expression vector CHO/17/150, described in PCT 
application No, US 89A)2746, published April 6, 1989, were seeded at an initial 
densiQr of 1 x 10^ and grown for 14 days, aftCT which the media was assayed using 
standard radioimmune assay pK>cedures. The lipid microemulsion shown in Example 
1 was used to su p plement media consisting of a 1:1 mixture of MCDB 301, 

20 described by Hamilton and Ham, in In Vitro 12:(9) 537, 1977; and DME-spinners, 
plus 4 mM glutamine, 10 ^g/ml insulin, 10 (ig/ml transfemn, 10 mg/ml ethanolamine, 
and 400 |Xg^ bovine serum albumin. Cells were grown both in semm free media, 
or media supplement with 1% fetal bovine serum. Table 4 shows that in serum 
containing media, CHO cells attain a drasity of about 1.3 x 10^ cells/ml, and 

25 expreses m-CSF at a level of about 310,000 UAnl* In serum free media, a ceU 
dmsi^ of about 0.9 x 10^ cclls/oal is reached, and CHO cells in this media express 
about 240.000 V/tri of m-CSF. 
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To further establish that die lipid microemtilsions diown herein support Ae 
growth and product ejqxrcssion of oflier mammalian cell Q^s, several cell lines of 
immunologic origin, as well as tilie Namalwa cell line, were cultured. Table 4 shows 
fliat fhc cdl lines MOPC21 and Namalwa respond fevorable to media supplement 
with the A7 lq>id iuidu emulsicm. 

The medium consisted of a 1:1 mixture of DM8 and IPL/41, plus the A7 lipid 
microeauilsion of Example 2. DM8 was ficxrmulated from sDME-HP, RPMI 1640, 
and IPL/41 (4:4:1). Also added were insulin (5 Jigfal), transfcnin (5 ng/hd), selenium 
(5 jigAnl), glutamine (8 mM), and 10 mgfml ethanolamine. An EUSA assay to 
detenmne antibody levels was run. 

Example 9 

Characterization of Lipid Mieme mulsion Particle Size 
Before and After Sterile Fiitrarinn 

One of the advantages of the instant lipid microemulsions is that they are 
filter sterilizable alone or when combined with media. This is not trae of prior art 
lipid compositions which are not readily filter sterilized with culture media because 
an indeterminate amount of lipid is not filtered, and remains trapped on the filter. 
Thus experiments were done to detcnnine ihe particle size properties of the 
-micn>emulsions-which-favQr their filtration: 

Low angle laser light scattering measurements were made using a Coulto- 
model N4M lastw light scattering instrument and version lO.OW software. A7 lipid 
mix was prepared using standard prodedures and was then diluted (1:5) in DBM 
medium (dilution to diis concentration was required to be in the range impropriate for 
the sensitivity of the instnmient). Measuring intensiQ^ at a scattering angle of 90**, a 
major peak conresponding to particles of size about 95 nm was identified, with less 
intense peaks at about 9 and 890 nm O^gure 2). The A7 Kpid mbc was then filter 
sterilized through a 0-45 um filter (Syhron Nalgc. Rochester NY, No. 120-0045) and 
the measurement repeated- Peaks corresponding to similar particle sizes (78, 6 and 
860 nm) were again detected Because one does not ciq>ect lipids with the particle 
size distribution observed, particulariy those over 800 nm, to readily filter tiuough an 
0.45 jiM filter, it is thought that the microemulsion distributes on filtration into 
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smaller particles which are filterable and then reassociate. 

As mentioned above, the lecomlMnant baculovirus transfer vectors pAcM4 and 
pAcM6 in R coliM M294 have been depoated at the American Type Culnire 
5 Collection (ATCO, 12001 Paiklawn Drive. Rockville. MD 20852 (USA) on June 12. 
1987 under the respective ATCC Nos. 67429 and 67428. Further, the hybridoma cell 
line D-234-4-27-8 was deposited at the ATCC on August 10. 1984 under Accession 
No. HB S598. 

Said deposits were made pursuant to a contract between the ATCC and the 

10 assignee of this patent ^pUcarion. The contract with the ATCC provides for 
permanent availabiUty of said strains and progeny thereof upon issuance of a U.S. 
patent related to this appUcation describing and identifying the deposits or upon the 
pubUcation or laying open to the pubUc of any U.S. or foreign patent appUcation, 
whichever comes first, and for the availalrility of the strains and the progeny thereof 

15 to one determined by the U.S. Commissioner of Patents and Trademarics to be 
entided thereto according to 35 USC §122 and the Commissioner's rules pursuant 
thereto (including 37 CFR §1.14 with particular reference to 886 OG 638). The 
assignee of the present application has agreed that if the strains on deposit should die 
or be lost or destroyed when cultivated under suitable conditions, tf»ey will be 

20 prompfly replaced upon notification witij a viable culture of the same strain. 

The deposits under tiie tenns of tfie Budapest Treaty assure tiiat said culmres 
deposited will be maintained in a viable and uncontaminated condition for a period of 
at least five years after tiie most recent request for the furnishing of a sample of the 
deposited microorganism was received by the ATCC and. in any case, for aperiod of 

25 at least 30 years after die date of the depc^it 

AvailabiUty of die deposited strains is not to be construed as a license to 
practice die invention in contravention of die rights granted under die audiority of 
any government in accordance with its patent laws. 

Also, die present invention is not to be considered linnted in scope by die 

30 deposited leoomWnant transfer vectors, since die dqwsited vectors are intended only 

to be illusiraiive of particular aspects of die invention. Any recombinant 
baculoviruses which can function to infect a host insect cell to produce a recombinant 
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protein product is considered to be within the scope of this invention. Further, 
various nKxiifications of the invention in addition to diose shown and described 
herein apparent to those skilled in the art from the preceding description are 
considered to &11 within the scope of the appended claims. 
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WHAT IS CLAIMED IS: 

1. CcU culture media wherein Upids are supplied in the form of a 
ni ita o em nlsion. 

2. CeU cidtore media accoiding to claim 1 wherein the Upid emulsion is 

5 fomied by combining, with agitation, an aqueous con^xment which comprises <me or 
more emulsificrs in water, and a Upid solution conaponent which con^nises one or 
more lq»ids and one or more emulsifiers in an organic solvent^ 

3. CeU culmre media according to claim 2 wherein the emulsifiers are non- 
toxic polymwic detergents and/or phospholipids. 



10 



15 



4. CeU culture media according to claim 3 wherein the emulsifiers are 
phosphoUpids and/or non-toxic, non-ionic polymeric detergents selected from the 
group comprising block copolymers of poipylene oxide and ethylene oxide and 
polysorfoate compounds having the formula: 

A 

HjC CH-CHj-COOR 
H(C2H40XHOC CHOCQHJ^ 




""CHOCC^iJiP 

wherein R is a saturated or unsaturated fatty acid having from 16 to 20 

carbons, inclusiveljr, 
20 wherein t is an integer between 10 and 30. indusively; and 

wherein u is an integer between 10 and 20. inclusively. 

5. Cen culture media according to claim 2 wherein the emulsifier or oiie or 
more of the eranljafiers of the aqueous conqKmcnt is or are also protective agents. 
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6. Cell culture media according to claim 5 wherein the cmulsifier^rotective 
agentCs) of Ae aqueous component is or are non-toxic, non-ionic polymeric detCTgents 
selected fiom the group conqnising block copolymers of propylene oxide and 
ethylene oxide. 

5 7. Gdl culture media according to claim 6 wherein the total concentradon 

(weightArolume) of the Huronic polyols in die media is from about 0.01% to about 
1%. 

8. Cell culture media according to claim 7 wherein the total concentration is 
fiom about 0.05% to about 03%. 

10 9. Cell culture media according to claim 8 wherein the total concentration is 

about 0.1%. 

10. Cell culture media according to claim 7 wherein the Pluronic polyols are 
selected from the group comprising Pluronic F68, F77, F88 and F108. 

11. Cell culture media according to claim 10 wherein the Pluronic polyols are 
15 selected fix>m the group comprising Pluronic F68 and F88. 



12. Cell culture media according to claim 11 wherein the emulsifier of the 
aqueous conqx>nent is Pluronic F68. 

13. Cell culture media according to claim 4 wherein one or more 
phospholipids and/or <me or more polysorbate compounds is or are the emulsifier or 

20 e mu l sifie rs within the lipid solution component 

14. Cdl culture media according to claim 12 iniierein the emulsifier(s) of die 
l^id solution conqxmoit is or are polyoxyetfaylene (2) sorbitan monooleate and/or 
lecidnn. 
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15. CeU culture media according to claim 14 wherein the emulsifier of the 
lipid solution component is polyoxyethylene (2) soibitan monooleate. the 
concentration of which in said Upid solution component is from about 0.5 mgAnl to 
about 75 mg/tal and wherein the Pluionic F68 of the aqueous component is at a 

5 concentration (weighiArolume) of firom about 1% to about 10%. 

16. ecu culture media according to claim 15 wherein the concentration of the 
polyoxyethylene (20) sorbitan monooleate in the Upid solution component is ftom 
about 1 mg/ml to about 30 mgAnU and wheran the concentration of the Pluionic F68 
in the aqueous component is fitom about 5% to about 10%. 

10 17. CeU culture media according to claim 16 wherein the concentration of the 

polyoxyethylene (20) sorbitan monooleate in the Upid solution component is from 
about 2.5 mg/nd to about 25 mg/ml, and wherein die concentration of the Pluoronic 
F68 in the aqueous conqwnent is about 10%. 

18. CeU culture media wherein serum, albumin or otiier proteinaceous Upid 
15 carrier is partially replaced with at least one Upid nutriem in the form of a 

microemulsion. 

19. CeU culmre media according to claim 2 wherein botii tiie aqueous 
component and die Upid solution component are filter steiiUzed before being 
combined aseptically widi agitation to form a Upid microemulsion. 



20 



20. CeU culture media according to claim 1 wherein tiie media is filter 
stezilized aftw die Upid microemulsion is added diereto. 

21. A Upid microemulsion prepared by comWning.widi agitation an aqueous 
component conlaimng one or more emulsifiers and a Upid solution continent 
ccmtaining one or more emulafiers. 



BNSOOCIO: <WO_90034a9A1J_> 



wo 90/03429 



PCr/US89/03985 



32 

22« A lipid micFoemtilsion component according to claim 21 wherein the 
lipids are selected from the group conqmsing unsaturated fatty acids, mixtures of 
polyunsaturated fatQr acid methyl esters, lipid soluble vitamins and sterols, wherein 
the organic solvent is a C1-C9 alcohol and wherein the emulsifier or emulsifiers are 
5 selected fiom the group comprising phospholipids and non-ionic, non-toxic polymeric 
detergents. 

23. A Iqrid microemuMon caoapoacat according to claim 22 wherein die 
lipids axe selected fmm die group coniprising linoleic acid, linolenic acid, oleic add; 
fish liver oil; vitamins A, D and E; and cholesterol; 

10 wherein the organic solvent is ethanol; and 

wherein the emulsifier or emulsifiers are selected firom the group comprising 
lectin and i>dlysoxbate compounds. 

24. A lipid microemulsion component according to claim 23 further 
conqnising a reducing agent/anti-oxidanL 

15 25. A lipid microemulsion component according to claim 24 wherein the 

reducing agent/anti-oxidant is monodiiolglycerol. 

26.--A-Upid microemulsion con5)onent according to claim^2 wMch4s s^^ 

under nitrogen at a temperature range of from about -lO'^C to about -80*^C. 

27. A lipid ntiicroemulsion con^nent according to claim 22 wherein said 
20 component conqxrises three subcoinponents having paitide diameters of about 6, 78 

and 860 

28. A method of dispersing lipids within a cell culture medium which 
conqxrises preparing a lipid microemuMon according to claim 2 and adding said lipid 
micrbemulaon to the medium. 

25 29. A mediod of growing cdls conqirisng contacting said cells with the cell 

culture media of claim 1. 
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30. A metbod of growing ceUs which grow* is enhanced by Upids. 
comprising contacting said cells wid> the ceU culnire media of claim 17. 

31. A metbod of growing cells as described in claim 29 wherein said cells 
are insect or mammalian cells. 

5 32. A method of growing cdls as described in daim 31 wherein said 

^,r««^Mar^ cells aic antibody producing cells. 

33. A method of growing cells as described in claim 30 wherein said cells 
are insect or mammalian cells. 

34. A method of growth cells as described in claim 33 wherein said 
10 TT""""""" ceUs are antibody producing ceUs. 

35. A method of dispersiiig lipids within a cell culture medium which 
comprises preparing a lipid microemulsion according to claim 2 and adding said Upid 
microcmulsion to the medium. 

36. Cell culture media comprising the lipid solution of claim 27. 

15 37. A lipid microemulsion component according to claim 22 wherein said 

, component comprises three subcomponents having particle diameters of about 25 nm, 
280 nm. and 1780 nm. 

38. Cell culture media comprising the Upid microemulsion of claim 37. 
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